Normalize so that u(D) = 1 and u(C) = 0. Then
Expected Utility
An expected utility representation of ≻ is a u : Z → R such that for p, q ∈ P , p ≻ q if and only if 
Example
• Z = {Diet coke, $1, Coke}.
• Prefer D for sure to $1 for sure to C for sure, i.e.
(1, 0, 0) ≻ (0, 1, 0) ≻ (0, 0, 1).
• Consider (0, 1, 0) versus (p 1 , 0, 1 − p 1 ).
• Suppose there is a p * such that
If there is an EU representation of ≻ on P then u($1) = p Axioms Axiom 1. ≻ is a preference relation.
We know that if we have an Archimedean assumption then an ordinal representation of ≻ exists. This is a function V : P → R such that p ≻ q if and only if
We want a particular form for V . There is hope as P is special, not just a set of outcomes, but probabilities on an underlying set of outcomes.
• If we have an EU representation with u, lets write
• An indifference curve solves, for a constant c,
• So in (p 1 , p 3 ) space indifference curves are parallel lines with slope (u 2 − u 1 )/(u 3 − u 2 ).
Archimedean Axiom
Axiom 2. For all p, q, r ∈ P , if p ≻ q ≻ r then there exist α, β ∈ (0, 1) such that
How might this fail?
Suppose r is probability one on an outcome that is so bad that any mix containing it is worse than any mix not containing it.
Independence Axiom
Axiom 3. For p, q, r ∈ P and α ∈ (0, 1], if p ≻ q then αp + (1 − α)r ≻ αq + (1 − α)r.
Example:
• Z = {z 1 , z 2 , z 3 }, p = (1, 0, 0), q = (0, 0, 1), r = (0, 1, 0)
• αp + (1 − α)r = (α, 1 − α, 0).
• αq + (1 − α)r = (0, 1 − α, α).
• The decision maker will actually receive only one of the outcomes.
• In the α event he prefers the p mixture to the q mixture.
• In the 1 − α event he is indifferent as will get r in either mixture.
Is this axiom consistent with observed choice?
Shape of Indifference Curves
Lemma 5.6.c. If ≻ on P satisfies Axioms 1, 2 and 3 then, for any r ∈ P ,
Von Neumann Morgenstern Theorem
The binary relation ≻ on P has an expected utility representation if there is a function u : Z → R such that for any p, q ∈ P , 
